The birth of an international standard
In 1941, the American Society of Anesthesiologists (ASA) tasked Meyer Saklad, Emery Rovenstine and Ivan Taylor with devising a method with which they could collect and tabulate outcomes from anaesthesia. They described six classes of physical status, accompanied by examples of each to help guide those using the scoring system (Table 1) [1]. In this system, patients who would otherwise have been classed as 1-2 were reclassed as 5 for emergency surgery and patients classed as 3-4 were reclassed as 6 for emergency surgery (Table 1) . Emergency surgery was defined as an operation that in the surgeon's opinion should be performed without delay.
The 1941 system had beauty in its simplicity that in many ways was decades ahead of its time. Each class included numerous examples that allowed for easier classification. Importantly, these examples also included assessment of the patient's functional status (Table 2) .
Functional status was omitted from subsequent iterations of the classification, but it is now recognised as a key factor in calculating individual risk [2, 3] . Interestingly, there was also a reference made to the systemic impact of any acute pathologies, which also no longer contribute to classification. For instance, the minor systemic impact of an isolated Colles' wrist fracture vs. the life-threatening impact of an unstable pelvic fracture, with subsequent shock and multi-organ dysfunction. Although omitted from modern ASA physical status, the systemic impact of acute surgical pathology is included in many surgical risk scores.
Regrettably, little work was undertaken to measure the reliability with which the original ASA physical status was applied in the 20 years after its publication. Further changes were made to the scoring system, but these did not appear to be evidence-based until 2014, when interest in the accuracy of an anaesthetic risk prediction system was rekindled, and a flurry of work was undertaken to describe and refine the classification [4] [5] [6] [7] .
Modifications to improve reliability This study led to the revision of the original ASA classification and the case vignettes were removed. In 1980, a class 6 was added for those who were brainstem dead organ donors [9] .
In 2014, the scoring scheme was revised and the case vignettes restored (Table 4) , giving us the scoring system that we recognise today [10] . How reliable is the modern ASA physical status classification? Interestingly, this work reported less inter-observer variability for lower ASA physical status, one assumes because it is easy to agree that comorbidity is absent, whereas it is easy to disagree about the severity of comorbidity that is present.
An objective assessment of functional capacity, for instance The ASA physical status is also classified by clinicians who are not anaesthetists and who may be less familiar with the system and its deployment. In 2017, Curatolo et al.
described disagreement between physical status classifications by operating surgeons and anaesthetists [6] .
Classification by internal medicine and procedural staff was more variable and usually lower than the physical status given by anaesthetists [6] .
Hurwitz et al. compared the application of the 2014
classification with the 1961 system. The re-introduction of the case vignettes in the 2014 re-classification reduced inter-rater variability between anaesthesia-trained clinicians compared with other clinicians, particularly at higher ASA physical status scores [7] .
Reliability in paediatrics and obstetrics
The classification of ASA physical status may be more variable for children and pregnant women. Aplin et al.
reported a variation of up to three ASA physical status scores when 15 paediatric scenarios were analysed by 130 paediatric specialist anaesthetists [16] . Many of their respondents described modifying the ASA scheme and they suggested that a system specific to children should be designed and validated to reduce variability. However, such a system is yet to be devised. The least consistently classified obstetric case vignette was an otherwise fit and healthy young woman in labour. Barbeito et al. suggest that the addition of the suffix 'G' to the scoring system, to denote 'gravida', may improve the consistency of ratings [17] .
Implications of unreliable ASA physical status classification
Misclassification of ASA physical status has significant implications for patients and their care. The ASA physical status is pivotal in determining what pre-operative tests should be routinely performed in the UK [18] .
Overestimation of the ASA physical status would increase the number of tests and their expense and might compromise patient safety, as might underestimation of ASA physical status.
Risk scores and models that incorporate ASA physical status
The ASA physical status has been incorporated into four systems that calculate postoperative mortality. in an adult non-cardiac and non-neurosurgical cohort [24] .
This system incorporates a broad range of surgical procedures. The relative performance of SORT with and without ASA physical status has not been tested in a large cohort, although it has been explored in a small pilot study,
where it was shown to increase the accuracy of risk prediction in older patients [25] .
The National Emergency Laparotomy Audit (NELA) score is a product of the national audit of the same name, which collected data from over 60,000 patients across England and Wales. The score to predict mortality within 30 days of emergency laparotomy uses 21 variables, one of which is ASA physical status [26] .
Alternative scoring systems
Portsmouth Physiological and Operative Severity Score for the Enumeration of Mortality and Morbidity
The P-POSSUM estimates morbidity and mortality risks based on 12 pre-operative and six intra-operative factors [27] . The P-POSSUM generally overestimates risk, less so than POSSUM, particularly in low-risk groups. It is validated only for the general surgical cohort.
Pre-operative score to predict postoperative mortality
The pre-operative score to predict postoperative mortality (POSPOM) was developed in France from over 5.5 million patients in large hospitals. The 29-point score was derived from the first 2.7 million patients, categorised by the International Statistical Classification of Diseases, 10th
Edition (ICD-10). The score was then validated against the remaining 2.7 million patients [28] . The score correlates with in-hospital mortality and one might expect it to perform similarly in the UK, which is similar to France in terms of healthcare provision.
Frailty scores
There is increasing interest in the concept of frailty. Various measures of frailty correlate with various outcomes, including postoperative morbidity and mortality, intensive care survival and postdischarge status [29] [30] [31] [32] [33] [34] . There is some evidence that specialist frailty assessment and treatment teams might alter outcomes [35, 36] . The classification of patients by ASA physical status is similar to their classification by functional frailty. The associations of a frailty score and ASA physical status with morbidity and mortality up to one year after non-cardiac surgery in a relatively small cohort of 275 geriatric patients was reported
by Kim et al. [37] . Between 24 patients and 29 patients had a postoperative outcome that was associated with the multidimensional frailty assessment more than the ASA physical status alone. However, frailty scoring systems are markedly more complex than ASA physical status.
Conclusions
The ASA physical status was introduced to record patient pre-operative health so that it could be easily analysed. The ASA physical status is associated with multiple outcomes, including postoperative morbidity and mortality.
Concerns about the subjectivity of ASA physical status have become muted as its validity has been demonstrated in many papers. The re-introduction of example cases has improved objectivity and reduced the inter-observer variability in classification. However, the assessment of functional capacity that formed a cornerstone of the original 1941 classification is still missing from the current schemata and its re-introduction may further reduce its variability.
It is apparent that ASA physical status is an incomplete assessment but when combined with other clinical variables, in systems such as the SORT, NELA and ACS NSQIP scores and frailty scores, it helps generate an accurate prediction of patient outcomes.
